We provide a floristic inventory of Angiosperms from rocky outcrops of the Área de Proteção Ambiental Pedra do Elefante, Espírito Santo, Brazil. Fieldwork was performed monthly from March/2015 to July/2016. A checklist with 302 species belonging to 219 genera and 74 families is provided. Bromeliaceae, Orchidaceae, Fabaceae, Euphorbiaceae, Apocynaceae, Asteraceae, Cactaceae, Convolvulaceae, Rubiaceae, Bignoniaceae and Cyperaceae are the richest families with around 50% of the listed species. One hundred forty seven species are exclusively rupicolous, 125 spp. exclusively terricolous, 26 spp. are epiphytes, and six species are found as both rupicolous and terricolous. Phanerophytes and chamaephytes were predominant life forms. Our results added 18 new records to the Espírito Santo state, indicated the occurrence of nine endemic species for the state and noticed that only 55 taxa of the total of species have threat assessments according to IUCN. Key words: Atlantic rainforest, floristic inventories, inselberg, neotropics.
Introduction
Rocky outcrops can be found mainly in tropical and subtropical regions of the world (Barthlott et al. 1993) . Due to peculiarities in the floristic composition, they turned into spotlights in different parts of the world (Hurault 1963; Ibisch et al. 1995; Meirelles et al. 1999; . They are constituted by granite and/or gneiss composition, and are a remarkable component in the landscapes (Porembski & Barthlott 2000) . The lack of continuous soil coverage is an important factor that induces environmental conditions such as high rates of sun exposition and evaporation, leading to specific adjustments and thereby generating a very distinct species composition (Porembski 2000) .
In Brazil, the extra-Amazonian rocky outcrops that exhibit higher elevations may be found in the South and Southeast regions with special attention to the Serra do Mar, the Serra Geral, the Serra da Mantiqueira, and the Cadeia do Espinhaço (Oliveira-Filho et al. 2013) . With increasing altitude and peculiar topography, rocky outcrops have great Rodriguésia 68(5): 1895-1905. 2017 diversity of habitats and native vegetation reflects directly to this heterogeneity, forming mosaics with high levels of endemism Oliveira-Filho et al. 2013) .
Espírito Santo is one of the richest states in Brazil when considering Angiosperm diversity. It possesses 6,364 recorded taxa which represents around 32% of the species from the Atlantic Rainforest Domain (BFG 2015) . Such richness may be easily treated as underestimated, especially by the lack of information in poorly sampled areas and fairly low number of available taxonomic studies .
The floristic knowledge in ES were improved by studies conducted in the last decades (e.g., Peixoto & Gentry 1990; Fabris & César 1996; Pereira & Zambom 1998; Pereira & Araújo 2000; Assis et al. 2004; Fraga et al. 2007; Esgario et al. 2009; Fabris & Peixoto 2013; Chagas et al. 2014; Saiter & Thomaz 2014; Sarnaglia Junior et al. 2014; Pertele et al. 2015; Dutra et al. 2015; Luber et al. 2016; Souza et al. 2016) . These studies, however, included a few rocky outcrops of the state. Therefore, data regarding native and adapted species from rocky outcrops from the State are scarce. To achieve a fair comprehension aiming conservation of this very unique vegetation, floristics and comparison analysis are extremely important (Caiafa & Silva 2005) .
Low sampling efforts, habitat loss for many reasons (as cattle raising, fire and granite exploration), and unauthorized collection of plants cause negative impacts on the preservation of the rocky outcrops native vegetation, and affect the diversity of species in the Northern Espírito Santo. Thus, the objective of this study is to identify the Angiosperms flora from the rocky outcrops of the Área de Preservação Ambiental Pedra do Elefante, Nova Venécia, Espírito Santo, Brazil. The study encompassed four rocky outcrops ( Fig. 2a-d o 27'46,6"W) (Fig. 2c) ; and Pedra to the right of Pedra do Elefante (18 o 46'9,6"S, 40 o 26'51,6"W) (Fig. 2d ). They were chosen based on accessibility and presence of remaining native vegetation criteria. This work considers as start point of sampling those with very clearly exposed rock areas and shallow soils from the bottom to the top of the rocky outcrops.
Material and Methods

Study site
Sampling and general information
Sampling expeditions were carried out monthly from March/2015 to July/2016. Fertile specimens exclusively from the rocky outcrops were collected randomly and processed according to usual methods in plant taxonomy (Bridson & Forman 1998) . All collected samples are deposited at VIES herbarium (Thiers, continuously updated) and family circumscriptions follow APG IV (2016) .
Additional data from previously collected samples were gathered from JABOT -Banco de Dados da Flora Brasileira (2016). Only specimens with complete environmental information (locality and substrate data obtained from exsiccate labels) were included. Author names and specific epithets were confirmed after consulting The International Plant Names Index (IPNI 2016) .
Only taxa from rocky outcrops were gathered and classified as: (a) islands essentially formed by herbaceous species); (b) terricolous (i.e., organisms occurring on shallow soils in vegetation islands essentially formed by shrubs, treelets or trees species); and (c) epiphytes (i.e., Plants that use as support organisms that occur on shallow soils in vegetation islands essentially formed by shrubs, treelets or trees species). Life forms were based on Raunkiaer's (1934) and the species conservation statuses were consulted in IUCN (based on CNCFlora 2017). The first records for ES were assessed using Flora do Brasil 2020 (<http://floradobrasil.jbrj.gov.br/>).
Results
A total of 302 species belonging to 219 genera and 74 families were recorded from PE rocky outcrops (see supplementary material <https://figshare.com/s/8bb98b0d9e36e045befa>). Bromeliaceae (24 spp.), Orchidaceae and Fabaceae (19 spp., each), Euphorbiaceae (18 spp.), Apocynaceae (14 spp.), Asteraceae, Cactaceae, Convolvulaceae and Rubiaceae (10 spp., each), Bignoniaceae and Cyperaceae (eight spp., each) are the richest families with around 50% of the listed species ( Exclusively terricolous species (Fig. 5a-f ) are represented by Fabaceae (11 spp.), Convolvulaceae (nine spp.), Apocynaceae (spp.), Euphorbiaceae (spp.), and Bignoniaceae (five spp.) as the richest families. On the contrary compared to the rupicolous plants, the most common life forms are phanerophytes (94 spp.), followed by chamaephytes (27 spp.), and the Hemicryptophyte species: Tridax procumbens L. (Asteraceae). One single taxon, Philodendron pedatum (Hook) Kunth (Araceae), was registered as both rupicolous and terricolous and is an hemiepiphyte plant.
Epiphytes (Fig. 5h) are represented by species of Orchidaceae (10 spp.), Bromeliaceae and Piperaceae (six spp., each), Cactaceae (three spp.), and Araceae [Lepismium cruciforme (Vell.) Miq.]. They are usually found occurring associated to the vegetation islands formed essentially by shrubs, treelets and trees on the shallow soils. The predominant life forms were, in general, phanerophytes and chamaephytes, representing 54% and 33%, respectively (Fig. 6) 
Discussion
Results provided different values for species richness against previously investigations carried out in Brazil (e.g., França et al. 1997; Meirelles et al. 1999; Caiafa & Silva 2005 , 2007 Conceição et al. 2007; Araújo et al. 2008; Esgario et al. 2009; Gomes & Alves 2009 Gomes et al. 2011; Gomes & Sobral-Leite 2013) . This could be explained by methodological aspects adopted. In general, studies which bring vegetation structural analysis show lower species richness (e.g., Kurtz & Araújo 2000; Thomas et al. 2009 ). However, considering only studies with similar sampling methods, the number of species increases from 15% (e.g., França et al. 1997) to around 30% (e.g., Araújo et al. 2008) . Regarding Atlantic Rainforest Domain, investigations such as Caiafa & Silva (2005) , Esgario et al. (2009), and Sobral-Leite (2013) indicated Angiosperms richness for different areas with 75, 172, and 138 species, respectively, Elucidating that depending on the type of floristic compositions present in the area under study, different taxonomic richness will be presented.
The most representative families in PE reflect a floristic composition pattern for rocky outcrops found both in the Brazilian Atlantic forest and in the Northeastern semi-arid. Compared to the other floras, it was noticed there is an alternation among the top six richest families, for instance: Asteraceae, Bromeliaceae, Cyperaceae, Euphorbiaceae, Fabaceae, and Orchidaceae (e.g., Meirelles et al. 1999; Conceição et al. 2007; Esgario et al. 2009; Gomes & Alves 2009 Gomes & SobralLeite 2013) . highlight some Angiosperm families as the most commonly found for rock outcrops in South America with great specific diversity like Melastomataceae, Orchidaceae, Cactaceae, and Bromeliaceae. Melastomataceae, however, is represented only by seven species in PE, which does not corroborate with the authors. On the contrary, the significant number of families represented here by a single species (32.5%) indicates that PE fits in a characteristic pattern of high diversity areas (Ratter et al. 2003) .
Taxonomic groups typically cited as occurring on rocky outcrops like Alstroemeriaceae, Droseraceae and Eriocaulaceae were not found occurring in PE. This could be likely associated to the lack of water pools on the inselberg surface or even to the severe dry season that lasts over three years in the region. But, it is not a surprise when considered the stated by Porembski (2007) , where the author asserts that vegetation of inselbergs in southeastern Brazil is extremely rich in dry resistant perennial species whereas annuals are relatively rare.
There is also alternation amongst top six richest genera when compared to the lists made by Gomes & Alves (2009; and Gomes & Sobral-Leite (2013) : Acianthera (Orchidaceae), Aechmea and Tillandsia (Bromeliaceae), Erythroxylum P.Browne (Erythroxylaceae), Ipomoea L. (Convolvulaceae) and Mandevilla (Apocynaceae). Peperomia (Piperaceae) stands out as the richest genus in PE and this could be explained by considering terricolous species. Six out seven Peperomia species found are epiphytes and depend on the shrubs and trees for fixation.
High values of rupicolous species richness (147 spp.) were expected, and this life form represents almost half (48%) of the recorded taxa. They have adaptive strategies such as water accumulation in pools on leaf sheaths, specialized trichomes, and presence of bulbs or pseudobulbs, which turn them able to survive in this kind of environmental conditions . Vegetation islands formed by herbaceous species or the "monocotyledonous mats", according to Barthlott et al. (1993) , are visually frequent in PE, especially those formed by Alcantarea trepida Versieux & Wand. This species is easily seen and usually has the majority of rupicolous species associated to it (personal observation).
Terricolous plants totaled 41% of the registered species in PE (126 spp.) and they correspond to those taxa which form shrubby/tree vegetation islands. They occur on shallow soils and/or on rock fissures that could accumulate water and organic soils. Even found associated to terricolous plants, some epiphytes species have adaptive strategies which make them able to colonize rocks (Benzing 1987) . Epidendrum L. species (Orchidaceae) are thought to be one of them. For instance, Epidendrum campaccii Hágsater & L.Sánchez was found occurring both on monocotyledonous mats and on shrub/tree vegetation islands in the studied site. The same was observed by Gomes and Sobral-Leite (2013) with other two species: Epidendrum cinnabarinum Salzm. ex Lindl. and Epidendrum rigidum Jacq.; where both could be found in the canopy of tropical forests. Although epiphytes species were not mentioned by Raunkiaer (1934) , some studies bring this information considering them as phanerophytes.
In general, phanerophytes was the predominant life form followed by Chamaephytes in the analyzed site. Although chamaephytes is the second most important life form, they are the group who covers most of the area. Almost the same was found by Gomes and Alves (2010) , with phanerophytes in the first place but therophytes rising up as the second group in two sites in the semi-arid region of Brazil. Additionally, Gomes and Sobral-Leite (2013) asserted the inverse order, in two different areas in the Atlantic forest of the Northeastern Brazil, with therophytes as the most important life form followed by phanerophytes. The authors inferred that therophytes are rarely restricted to rupicolous environments, with few exceptions. Yet, floristic composition likely underwent interferences by the surrounding forests (Gomes & Sobral-Leite 2013) . Our results corroborate the stated by where they assigned phanerophytes as the most representative group in South America, whereas therophytes are less important.
New records and presence of endemic species in PE is likely related to the singularities of floristic composition from rocky outcrops in the Northern ES. Our results add new records to the listed by Dutra et al. (2015) .
Several human activities such as cattle raising, fire and granite exploration has increased dramatically on rocky outcrops, causing habitat loss and sometimes irreversible damage to their vegetation. Facing our results (high number of species, new records to the State and the record of endemic species), performing regional inventories is highly recommended to improve the quality of the knowledge and consequently the efforts for conservation of rocky outcrops vegetation.
